Summary.-The transformation of Wistar rat embryo cells in vitro has been studied in passaged cultures using two criteria for transformation: (1) the ability of cells to form colonies in soft agar and (2) the ability of cells to form tumours in young syngeneic animals. In general there was good correlation between the two criteria.
Summary.-The transformation of Wistar rat embryo cells in vitro has been studied in passaged cultures using two criteria for transformation: (1) the ability of cells to form colonies in soft agar and (2) the ability of cells to form tumours in young syngeneic animals. In general there was good correlation between the two criteria.
Spontaneous transformation was observed in all untreated cultures by 44 weeks although, by not allowing the cells to become confluent, the tendency was for cultures to transform earlier (i.e. 15-21 weeks). It was noticeable that despite untreated cultures having been in vitro for different lengths of time, most cultures transformed after a similar number of passages (42) (43) (44) (45) (46) (47) (48) (49) (50) . Treatment of the embryo cells with the alkylating agent nitrosomethylurea (NMU) or benzo(a)pyrene (BP) sometimes resulted in transformation after a shorter period in vitro than the controls (minimum 12 weeks) although some treated cultures took longer. Transformed cells produced transplantable fibrosarcomata in syngeneic hosts and those arising from NMU transformed cells were histologically different from those arising from spontaneously transformed cells. The significance of spontaneous transformation in in vitro rat cell transformation systems is discussed.
OUR INITIAL interest in chemical transformation of cells in vitro derived from attempts to obtain a more rapid estimate of the carcinogenicity of tobacco smoke condensates than could be obtained either by skin painting of tar or persuading mice to inhale a mixture of smoke and air, the former taking months and the latter years. Rat cells were preferable to mouse due to the prevalence of the ubiquitous leukaemia viruses in the latter and their tendency to transform spontaneously. Freeman et al. (1970) were unable to induce tumours in newborn rats with 106 and 107 rat embryo cells which had been grown for 58 subcultures, and Lasne, Gentil and Chouroulinkov (1974) were unable to get untreated rat fibroblasts to form either colonies in soft agar or tumours in newborn rats after 40 passages in vitro over 29 weeks.
Spontaneous transformation of rat cells has been reported by Vesely, Donner and Kuc'erova' (1968) although in only 2 of 19 primary cultures; by Sharon and Pollard (1969) after 19 subcultures in vitro; by Jackson, Sanford and Dunn (1970) (1968) showed that the number of passages through which mouse embryo fibroblasts could be taken in vitro before transformation occurred could be reduced from 200 to 30 by altering the culture conditions from minimal cell-cell contact with the cells always at low density to high cell-cell contact in thick monolayers. Our data suggest that the rate of spontaneous transformation of rat cells can also be enhanced by altering the culture conditions but, in contrast to the findings of Aaronson and Todaro (1968) , from those allowing high cell-cell contact to those where the cells were never allowed to become confluent.
Chemical transformation of rat embryo cells in the absence of virus has been demonstrated for 4-nitroquinoline-1-oxide (Namba, Masuji and Sato, 1969) , hydroxamic acids (Gutmann, Sekely and Malejka-Giganti, 1972 ) and polycyclic hydrocarbons (Rhim and Huebner, 1973) . Kirkland and Pick (1973) contact on transformation were maintained in 10 cm and 6 cm plastic dishes (Esco AA) respectively. Apart from the cell-cell contact experiments, all cultures were split 1: 5 by trypsinization when confluent (usually every 3-4 days).
The soft agar assay to detect transformed cells was, as described previously (Kirkland and Pick, 1973) The rate of growth of the cells in these 2 groups was not always the same and therefore, although cell-cell contact was controlled to some degree by the different seeding densities mentioned above, it was sometimes necessary to reduce, and perhaps later increase, the rate of growth of the cells by altering the serum content of the medium. The changes in calf serum concentration that were necessary are shown in Table I . Carcinogen treatment of rat embryo cultures Nitrosomethylurea (NMU).-Semi-confluent monolayers of cells in their third passage in vitro were treated, in duplicate bottles, with various concentrations (40, 50, 60, 70, 80, 100, 125 and 150 ,ug/ml) of NMU, freshly A fine scalpel was used to pick marked single colonies, which were then squashed physically on to the bottom of a 35 mm Falcon plastic dish; 2 ml CM were added and the dishes incubated for 1-3 weeks for the cells to attach and grow. Single colonies were then picked from a silicone greased ring and recultured.
Single-cell clones were thus established for C5 at 25 weeks (passage 73) and 27 weeks No tumours after 19 weeks.
RESULTS

Assays for transformed cells
The results of colony formation in agar and tumour induction, from the passage at which a positive result was first obtained (all assays at earlier passages were negative), are shown in Tables II,  III and IV. Some untreated cultures (Table II) (C4, C5) , showed a definite trend towards earlier transformation than those cultures where cell-cell contact was high (C6, C7 and C8), although the 1). J. KIRKLAND, C. ARMSTRONG AND R. J. C. HARRIS former had undergone as many passages as the latter during this shorter period in vitro.
It will be seen from Tables II and  III that, with one exception (C7, Table  II) , all cultures giving a positive agar assay were tumorigenic. There were instances (e.g. Cl) where cells became tumorigenic before they produced colonies in soft agar, but it must be remembered that 10-20 times more cells were tested for tumorigenicity than for colony formation in agar and therefore a small number of transformed cells in the population would be detected earlier in the tumour induction test.
Of the carcinogen treated cells (Tables   III and IV) survival (Kirkland, 1973 of the animals injected (Table VI) . All attempts to transplant serially some of the primary tumours by the method described before (Kirkland and Pick, 1973) were successful.
Histopathology of titmours
Tumours induced by Cl cells (Table  II) were very similar to those previously described (Kirkland and Pick, 1973) arising from rat embryo cells transformed spontaneously or after treatment with a low dose (25 jig/ml) of NMU, although no haemangiopericytomata were seen. Tumours from N60 and N80 cells were also fibrosarcomata but showed areas of epithelioid cells with large nuclei not seen in Cl induced tumours or previously (Kirkland and Pick, 1973) .
Indirect immunofluorescence
Spleen cells from aged BALB/C mice showed a very strong cytoplasmic fluorescence with anti-Rauscher leukaemia virus antiserum as would have been predicted (Huebner and Todaro, 1969) (Jackson et al., 1970 ).
It appears from Table II that cells cultured in a regimen where cell-cell contact is minimized (C4, C5) tend to transform at a slightly earlier in vitro age than cells cultured in a regimen where cell crowding is encouraged (C6, C7, C8). The latent periods for tumour induction by C4 and C5 are also slightly reduced (Table II) , although not significantly.
It is important to observe that C4 and C5 had undergone more subcultures during the same period than had C6, C7 and C8 (c. 75 passages in 27 weeks compared with c. 50 passages). Thus the tendency for earlier transformation in C4 and C5 seems to be due to their being passaged more frequently, and it can be seen from Table II The fact that Aaronson and Todaro (1968) , by varying the culture conditions, were able to reduce the number of passages from 200 to 30, through which mouse embryo fibroblasts were taken before transformation occurred, tends to suggest that spontaneous transformation in mouse cells is not determined by the number of subcultures performed, as it appears to be in rat embryo cells.
The reason for spontaneous transformation is still a mystery but no C-type virus antigens were detectable by immunofluorescence in untreated or NMU treated transformants, and C-type viruses cannot therefore be held responsible for transformation in these cells.
As mentioined earlier, the apparent increase in the rate of transformation by treatment with 80 ,ig/ml NMU (N80) or 8 /ug/ml BP (B2), is not significant because these cultures have the same total in vitro age (15 weeks) as the most rapidly transforming untreated culture, C5 (Tables II,   III and IV) . However, if, as is suggested above, it is the number of passages through which the culture has been taken which is important in determining transformation, then chemically induced enhancement of transformation has occurred, since N80 and B2 transformed in 19 and 10 passages respectively whereas the earliest spontaneous transformation took 31 passages (CI). This enhancement is less significant, however, when compared with spontaneous transformation in 23 passages reported by Kirkland and Pick (1973) using a very similar system.
It is therefore not clear whether true chemically induced transformation has occurred. In vitro transformation with NMU has been described before (Di Mayorca et al., 1973; Frei and Oliver, 1971; Sanders and Burford, 1967) in hamster, mouse and hamster cells respectively, but only the latter two groups attempted to induce tumours with the transformed cells and then only in immunosuppressed animals. If NMU induced transformation has occurred in our rat cells then they are able to produce tumours in normal, adult animals (Table  III) .
Transformation of rat cells by BP at 041 or 1P0 /ag/ml has been described by Freeman et al. (1973) but, in contrast to our experiments on early passage cells, the normality of the cells at the time of treatment is in doubt as they were in their 96th passage in vitro.
In the kind of system described here where spontaneous transformation may occur very rapidly, transformation after chemical treatment may result from early selection of spontaneous transformants.
Only by detecting differences between the resulting transformants can the role of the chemical be determined. Kirkland (1973) has shown that spontaneous (Cl ,  Table II ) and NMU (N60 , Table III) transformants are both more resistant to the toxic action of NMU (survivals of 950o and 85% respectively at 150 ,ug/ml) than untransformed cells (6000 survival at 150 ,jg/ml). This author has also shown that the chromosome distributions for C I and N60 were similar and that neither contained a marker chromosome. There is, however, a reproducible histological difference between the tumours derived from Cl and N60 cells, which would not be expected if NMU had selected a spontaneous transformant. This is very slender evidence in favour of chemical conversion, and the problems of whether selection or conversion is the mode of emergence of the transformed cell(s) still remain.
The correlation between the ability of cells to form colonies in soft agar and to produce tumours, reported previously (Kirkland and Pick, 1973) , still holds reasonably well from the present data. False negative results (negative agar but tumorigenic) are expected when many more cells are tested for tumorigenicity than for colony formation in agar. Occasional false positive results (positive agar but non-tumorigenic) do occur (C7, Table  II ) and show that the assay is not foolproof. The question also arises from the present data as to the properties of the cells which form colonies in agar. When such pocks were picked from agar and cloned, although 100% of clones from a spontaneously transformed culture (C5) gave rise to 100% of tumours (Table V) , only 10/18 clones from a BP transformed culture (B2) were malignant. The reason for this is not known but it is possible that some BP transformed cells may have been highly antigenic and rejected in vivo.
In conclusion, we feel that spontaneous transformation of rat embryo cells is a common phenomenon, possibly governed by the number of passages through which the cells are taken, and of which those who make claims for chemicalor virus induced transformation of rat cells must take account.
